We demonstrate that one can achieve compression of femtosecond optical pulse by more than a factor of three in millimetre-long dispersion engineered silicon (Si) photonic wire waveguides (SiPWWs) when the devices are operated in the soliton regime. The SiPWWs are designed such that they exhibit a negative secondorder dispersion coefficient, β 2 , over more than 700 nm, which allows for broadband device operation. Our computational study is based on a rigorous nonlinear propagation model, which describes the frequency dispersion up to the third order, free-carrier (FC) dispersion and FC absorption, self-phase modulation, twophoton absorption (TPA), the frequency dispersion of waveguide nonlinearity, and the FC dynamics [1, 2] . Using this model we demonstrate that by choosing the parameters of the input pulse such that one operates in the soliton regime (β 2 <0) and employing adiabatically tapered SiPWWs, in order to monotonously decrease the (anomalous) dispersion coefficient, the width of femtosecond pulses can be reduced from hundreds of fs to just a few tens of fs.
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Soliton pulse compression in SiPWWs can provide a very effective approach for on-chip generation of ultrashort optical pulses and as such can have many applications in Si integrated nanophotonics, including broadband optical sources, supercontinuum generation, and nonlinear optical signal processing [3, 4] . In particular, the extremely large optical nonlinearity and frequency dispersion of silicon combined with the ultra-small transverse area of SiPWWs allow one to reach the soliton regime of pulse propagation at only mW power levels, making the pulse compression approach demonstrated here particularly appealing for chip-level applications.
In our study, we considered a SiPWW with constant height (h=250 nm) and SiO 2 cladding. Our computation determined the dependence on the waveguide width (w) of the waveguide parameters, i.e., second-and thirdorder dispersion coefficients (β 2 and β 3 ), nonlinear parameter (γ), and the shock-time coefficient (τ s ) describing the frequency dispersion of the nonlinearity [4] . The pulse dynamics in adiabatically tapered SiPWWs were then investigated by numerically solving a generalized, higher-order nonlinear Schrödinger equation whose coefficients depend on the propagation distance, coupled with a rate equation that describes the FC dynamics. The dispersion maps of the main waveguide parameters that determine the pulse dynamics, β 2 and γ, are shown in Fig. 1(a) and Fig. 1(b) , respectively. It can be seen that the device can operate in both the normal dispersion (β 2 >0) and anomalous dispersion (β 2 <0) regimes. In addition, the spectral region of anomalous dispersion extends over more than 700 nm, which means that our photonic wires allow for broadband operation in the soliton regime. Figure 1(b) shows that, as expected, γ decreases with the wire width and wavelength.
The soliton compression in tapered wires is illustrated in Fig. 1(c) and Fig. 1(d) . We considered a tapered wire with adiabatically and linearly decreasing β 2 , from β 2 = 6.19×10 -2 ps 2 m -1 to β 2 = 1.21 ps 2 m -1 . A pulse compression by a factor of more than two is clearly observed, the propagation length being just 9 cm. The effect of TPA can also be observed, the pulse peak power decreasing to ~80% of P 0 . The main results of a systematic analysis of the dependence of pulse compression on pulse parameters are summarized in Fig. 1(e) and Fig. 1(f) . Thus, it can be seen that the effectiveness of the pulse compression increases with the pulse width, whereas for a given pulse width there is an optimum peak power for which maximum compression can be achieved.
